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PREFACE 



This ^tudy articulates the federal governments respori- 
sibilities in pnjviding for the dissemination of scientific 
and technical information ^STlK It in one of four studies 
that m^ere recently coniniissioned by the Division of 
Science Inforniation (formerly known as the Office of 
Science Information Service) of the National Science 
Foundation (NSF) as part of a systematic review of its 
research-funding programs. The review is the first of its 
kind to be undertaken by the National Science Founda- 
tion since the science information function was estab- 
lished in NSF in 1958, The other three reports deal 
respectively with the past impact of Division of Science 
Information (DSD research programs,' current research 
priorities of professionals in the field of science informa- 
tion,'^ and science information needs in light of forecasted 
technological and social change.'^ 

Included in a separate dociument are eight internal 
working papers, written throLighout the past year, that 
provide background inforination in support of the study's 
conclusions. There is also an experimental 25-minute 
color film, ''Science Inforniation and Science Policy", pro- 
vided as an offshoot of the investigation^^' It captures 
participants in a day-long conference on science informa- 
tion held on June 26, 1975, at the University of California, 
Los Angeles. Using a new technique of group discussion 
called ''Generative Graphics,'' conferees rapidly achieved 
consensus on a number of issues relevant to the study. 
The film received the Outstanding Movie of the Year 
award from the American Society for Information 
Science on October 28, 1976, 

I wish to express my appreciation to a number of people 
who helped me, Harvey Marron and Joshua L Smith of 
the American Society for Information Science gave me 
the opportunity to understand the research priorities of 
the information science community by making me an 



active participani in their research work, Russell L, Ack- 
off and Martin Elton of thti Wharton ^School, University 
of Penmj^vania generomly shared the results of their 
on-going research into a National Scientiflc Communica- 
tion and TechnologF Transfer System (SCATT), Dr, Lee 
Cf. Burchinal, Mr, Rotert S, Cutler, Col. Andrew A. Aines, 
and others of NSF% Division of Science Information off- 
ered their assistance. Numerous professional colleagues, 
throughout the country, reviewed the manuscript and 
contributed constructive criticism. Finally, other mem- 
bers of Becker and Ha yes— Ms. Marion Rice, Ms, Carole 
Bailey, Ms. Nancy Culver, Mr. Jamshid Faryar, and Mr. 
William S. Becker—worked on the project with me, and 
gave me new ideas and better vs/ays of putting o]d ones, 
I am especially indebted to Mr. Joseph Brunon, Dr, Bar- 
nett Addis, and the staff of the Behavioral Sciences Media 
Laboratory at the Neuropsychiatric Institute, UCLA, for 
shooting and producing our award-winning film. 
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L INTRODUCTION 



Many different indiv^iduals and institutions in the pub- 
lic and private sectors generate, access, and use science 
information. But, although science information is every- 
one s concern, it is presently no one's responsibility. In 
the United States there is no ''system'' of scientific and 
technical information. Instead, our pluralistic society has 
fostered a diverse collection of science information activi- 
ties composed of loosely coupled units in the public and 
private sectors. 

This study develops a rationale and sets forth a frame- 
work for a national program of scientific and techmcal^ 
information compatible with the perceived new direc- 
tions of science and our free enterprise system. It deals 
with both information science and science information. It 
is important to distinguish between the meanings of these 
two phrases. Information science is concerned with 
means. It is concerned with the way man creates, organ- 
izes, and communicates information in all forms. Science 
information is the set of ends involved. It is at once the 
main product and the main ingredient of scientific en- 
deavor. Science information is therefore intrinsic to 
every scientific discipline—including information science. 

The organizations in the public and private sectors 
which engage in science information activities are often 
referred to collectively as the scientific communication 
enterprise, Individually, they are members of the scien- 
tific and technical information community. They vary in 
size and function. Some have limited information respon- 
sibilities while others, like the scientific and technical 
societies, operate extensive science information systems 
and services in behalf of their members and the public. 

The scientific and technical information cornnnunity in 
the United States has four main components: (1) the disci- 
pline-oriented systems of the professional societies— each 
concentrating on the systematic organization of knowL 



edge in a partifuhir domain of basic science; (2) the mis- 
sion-oriented infbrnuitian systems of the federal agen- 
cies, e.g., for astronautics in NASA, for atomic energy in 
ERDArfor medicine in the National Library of Medicine; 
(3) the specialized information activities of private insti- 
tutions and of industry such as special libraries, informa- 
tion analysis centers, indexing and abstracting 
companies," data base services, etc.; and, (4) the informa- 
tion files and other resources that are maintained by our 
institutions of higher learning. An increased supply of 
scientific and technical information has been assured by 
the so-called knowledge explosion. This may be seen in 
the e; ponential expansion of scientific knowledge, knowl- 
edge-producing professions and industries, research and 
develonment organizations, information services and ma- 
chines, and the media of communication themselves. It is 
symbolized in the spectacular spread of electronic com- 
puters, and the greater ease of obtaining and processing 
information has induced more information consciousness 
among professionals and executives. It is the accumula- 
tion of scientific knowledge and the continuous integra- 
tion of this knowledge into the mainstream of national 
life that provides the principal force for national 
progress. And, it is generally recognized by Congress 
and others, that the efficient management of our nation's 
scientific knowledge resources by the scientific communi- 
cation enterprise is related in a vital way to the quaUty 
of science and engineering work in the U.S., to the ability 
of our national economy to exploit new knowledge arising 
from science, to the competitive posture of the tJ.S, in 
world markets, and to the maintenance of our national 
security. If one accepts this premise, then there is a con- 
comitant obligation to husband and protect the scientific 
communication enterprise, and the scientific knowledge 
which it possesses, as one would any important national 
resource. 

It would be easy to allow the scientific communication 
enterprise to develop haphazardly, but if we really be- 
lieve that the accumulation and application of scientific 
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knowledge is the liandniaiden of process, then we must 
begin now to trfcai scientific and technical information as 
a national resource a nd to make a special effort to achieve 
additional convergence among related programs. A na^ 
tional propam would bring about such a convergence not 
so much by federal regulation as by a judicious appli- 
cation of research funds towards the development of Stan- 
dards, uniform practices, and informal coordination of 
the scientific and technical information commumty to 
serve the public interest. 

On May 11. 1976, the President signed into law- P.L 
94-282, the National Science and Technology Policy, 
Organization and Priorities Act of 1976. This new la\v 
reaffirms government policy with respect to the scientific 
communication enterprise by stating that -'It is the 
responsibility of the Federal Government to proniote 
prompt, effective, reliable, and systematic transfer of 
science and technology information by appropriate meth^ 
ods , , and by recogTiizirg the Federal Governinent's 
responsibility '\ . . not only to coordinate and unify its 
own science and technology inibrmation systems, but to 
facilitate the close coupling of institutional scientific re- 
search with commercial application of the useful findings 
of science/'^ 
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II. AN HISTORICAL PERSPECTIVE 



Full and open communication of restHirch results 
amontr mwmmA a pnictice which dates back to ihe 
fstablishment of llie scientific academies m the sevyn- 
U'enih f^nturv. At first, nio^t seientillc rommunieutinn 
occurred bv %vord-of^mouth exchanges of uiformation. 
Over the vears, this was rapidly supplementeci bv mfoi- 
mal cnrrcspondence, printed proceedings, journals and 
hooks \s the scientific enterprise expanded, scientihc in- 
tbrmation pi'olifi-rated and the patterns of communica- 
rion among scientists grew more complex. The increasing 
diflicultv of searching the literature and keeping up with 
ndcvant des'elopments was quickly recogrn/ed as a seri- 
ous rnmmunication problem within .science. It precipi- 
tated the development of variou.s science information 
system.^. 

The professional societies were first to be concerned 
wUh fostering efRcient science information systems. A.- 
tc" World War 11 the American Cliemical Sorioty was a 
pioneer in what was at the time called scientific documen- 
tation. The Society began applying punched cards, mi- 
crofilm, and, later, computeis to the processing of 
chemical literature. Other societies followed this lead, so 
that todav virtuallv every professional society has reex- 
amined its methods of handling scientific literature. As a 
result each basic scientific discipline has developed its 
own STI sy.stem to .support its own specialized interests, 

A milestone in the development of science information 
in the United states occurred at the national level when 
Confess established the National Science Foundation m 
1950 ■ From its inception, NSF was urged to take new 
initiatives in support of basic research m all scientific 
disciplines, to upgi'ade science education, and to increase 
the exchange of science information. Of this latter charge, 
the present Division of Science Information in hhb is a 
direct consequence. It and its now defunct adviso-y body, 
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the Science fn!i)nnatinn Council vvere created in 1958,^ 

Afler the first Soviet space shot in 1957, a great many 
changes were made in Washington^ fbllowing a rnajoi^ 
review of American scientific and technical research and 
development. Three Whi^e House science information 
studies appeared in rapid succession, and their recom- 
mendations set policies that still prevail today. William 0. 
Baker prepared a report which resoundingly affirmed the 
principle that the frw flow of scientific information was 
indispensable to the advancement of science.'^ J. HXraw- 
ford, in a report prepared for the Federal Council on 
Science and Technology, recommended that each agency 
of government have one office aloT>e responsihle fbr its 
science information activities Alvin Weinberg, in a re- 
port in 1963 fbr the President's Science Advisory Commit^ 
tee, asserted it was not enough for the government 
merely to make in 'i)rmation on completed research avail- 
able; it had an equal responsibility for communicating 
information about research in progress. 

The Weinberg report had a great impact on the evolu^ 
tion of scientific and technical information systems in the 
federal government. So much so, that the Federal Council 
on Science and Technology, attached to the White House, 
assigned special functions to the Committee on Scientific 
and Technical Information {C0SA7l)y' to coordinate 
scientific and technical information services among the 
federal agencies and to reduce duplication of efFort The 
Federal Council was moved to do this because it wished 
to derive maximum knowledge and value from the huge 
investment which the agencies were making in scientific 
and technical I'esearch and development, 

COSATI helped focus the attention of government 
agencies on the need for better information systems and 
the need for standard and common practices among 
them. While each agency had line authority to improve 
and expand its own specialized information facilities, 
none possessed the responsibility for developing pro 
grams of common concern. It was here that COSATI 
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ma(ii» nunii^r'ouh :iiul nu^aningflil contributions. COSATPs 
role was that otVannlinator of federal information activi- 
ties. It provided a forum for discussion of the information 
function in federal programs, itj^^ed establish certain 
siandard.^ that facilitated infor^^on exchange among 
the federal agencies, and it served as a rallying point in 
Washington for consideration and deliberation of policy 
issues brought to light as a result of changes in govern- 
ment programs or otbicr new developments affecting the 
national information scene. One of its major contribu- 
tion?^ in the f}rivate sector was the encouragement it gave 
to the development of inf^ormation science. 

By the mid 1960s, information science began to be 
recogniz.ed by sorne as a separate profession. As an inter- 
(hseiplinaiy science, it drew on such fields as mathemat- 
ics, logic, linguistics, psychology, computer technology, 
operations research, the graphic arts, communications^ 
library science, management science, and others. Today, 
it has emerged as a definite field of science responsible for 
building its own literature, theories, principles, and pro* 
fessionai applications. The hardw^are and software tools 
which iiccompany most of our operating science informa- 
tion systems are applied and managed, by and large, by 
information scientists, 

CQSATI also became interested in giving structure to 
the total flow of scientific and technical information in the 
United States. In this connection, it commissioned a study 
in 1963 to examine national systems for the handling 
and management of scientific and technical documents. In 
the charge to the study, COS ATI called for a review of 
organizational and functional alternatives for developing 
a national progi^im. Unfortunately, because of its re- 
stricted charteri COSATl did not give the same emphasis 
to non^government STI systems in its study as it did to the 
systems of the federal agencies. The study weighed argu- 
ments for and against creating a new ^'capping agency'', 
a new operating agency, or strengthening the present 
decentralized structure within the federal government* 
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No specific orpinimtiftiia I action was ever taken by the 
Federal Couricil on ttio reJpot't. COS ATI itself was even- 
tually transf^iTed to m0md later phased out of exis- 
tence followi ng the dmim of the Office of Science and 
Technology i ii the W Wte House. 

Another la idmark piiblJc report on science mformation 
policy was published in 1069 by the National Academy of 
Engineeiing and the National Academy of Sciences.'"' It 
is called the SArCO^/3 (CcT-mmlttee on Scientific and "Tech- 
nical Communicatior») report, and contains the results of 
a detailed in ^estiption c^f the present status and future 
requirenieiit^ of the scieisitific and technical comnaumty 
with respect to flow snd transfer of information. No less 
than 20Odistin^iihe(iBc*entists joined in this threes ear 
efFort. SATCOMpri»cip^lly called for an independent, 
non-governmental, j>clicy-niakingbody reaponsibie to the 
Nationa 1 Academy of Science and the National Acadeniy 
of Engineering. It s\r«uld be a "Joint Commission", that 
would' be expert in the dield of scientific and technical 
inforniatioti andcap^abls of providing guidance useful to 
both public and private organizations in developing more 
effective icience ccmw^unications. SATCOM further 
recominended closer cooperation between the public and 
pri-vate sectors, the '^ide^t possible dissemination ofnevv 
information iermd fr*m government-sponsored re- 
search, imrrL€di0te a-fctention to the development of cross- 
disciplinary infcrm^tion systems, greater standardiza- 
tion in scierace informati on methodology, and expanded 
collaboratiosi with spienc* information activities in other 
countries, 

The CdnfereKce '3m^i an independent, non-profit 
business and reaeaj-chot^ianization, heH asenes of con- 
ferencefi in 197 1 wtnich led to a report on infornnation 
teclinology autlitore^by Ceorge Kozmetsky and Timothy 
W. Ruefli in 197 1."'' tJnli^e earlier reports about scientific 
and technical inforr«ation, this one dealt with informa- 
tion as anew resoutce of -critical national aJid internation- 
al importance. 3t points out that the U.S- is the world s 
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first postMndustriiil soeiety— where the production and 
processing of knowledge and inforniation is becoming 
more predominant than the production of goods, and that 
this is already having profound impact upori oiir national 
life. It also states that the information sector of the econo- 
my is significant by any standard and that information 
components of the economy account for a substantial por- 
tion of the GNP. The report treats "'inforihation technol- 
ogy 'Mn generaL It does nat concentrate exclusively on the 
problems of scientific and technical information. The Con- 
ference Board's report oxamined information technology 
in a comprehensive way and addressed the role of govern- 
ment, education, and industry in fostering the use of in- 
formation technology in the public interest. It pointed out 
that the new knowledge industries would soon become 
the leading edge of many economies and emphasized the 
strategic value of information in solving the more com- 
plex problems facing our society. The report called upon 
government and industry, as a matter of highest priority, 
to perceive, assess^ and value information in strategic 
terms for national planning. 

In 1972 the Federal Council on Science and Technology 
and ^he National Science Foundation commissioned a 
critical study, known as the Greenberger Report,^^^^ Dr. 
Martin Greenberger of the Johns Hopkins University 
WBB the Chairman of a special committee which exam- 
ined the role of the Committee on Scientific and Technical 
Information (COSATI) of the Federal Council on Science 
and Technology (FCST). Greenberger 's conimittee took a 
broader look than before at science information pro- 
grams and policies, It concluded that the government was 
not well enough organized to contend with the problems 
of scientific and technical information facing the country, 
and recommended a new policy mechanisrn that would 
provide the means for strengthening science information 
prop'ams in and out of governtneat 

Public Law 91-345 dated July 20, 1970 establislied the 
National Comrnission on Libraries and Information 
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Science (NCLIS), The Coinmission is a permanent, inde- 
pendent agency withiri the Executive Branch which ad- 
vises the President and the Congress on the 
implementation of national policy concerning library and 
information services adequate to meet the needs of the 
people of the U.S. In June 1973 NCLIS voted to direct its 
energies toward the preparation of a document describ- 
ing a broad outline of a National Program for Library and 
Information Services. The Commission issued its report 
in 1975"- after taking testimony at regional meetings 
throughout the country and discussing its concepts at 
open fomms and in the professional press. The proposed 
national program is aimed at increasing each person's 
access to the nation's rich knowledge resources whether 
these resources reside in the humanities or in the 
sciences. Concern for protecting and improving the 
knowledge resources in the nation's libraries and infor- 
mation centers is evident throughout the Commission's 
program document: 

"If our nation is to achieve the most effective use of na- 
tional information resources and the largest return for 
funds invested in them, common goals, objectives, methods 
and standards are needed now for the coordmated devel- 
opment of information facilities. Unless a coordmated pro- 
gram is established on a nationwide level, expenditures, 
facilities, and efforts will be unnecessarily duplicated, and 
intercotinection will become increasingly difficult as loc|l, 
state and multistBte systems develop without beneflt of a 
common purpose and a common approach.""* 

The CommiMion's program goal is stated as follows: 

"To eventuailf provide every individual in the United 
States with equal opportunity of access to that part of 
total information resource which will satisfy the individu- 
al's educational, working, cultural and leisure-time needs 
and interests, regardless of the individuBrs location, social 
or physical condition or level of intellectual acWevenient. 

"To make progress toward the attainment of this goal, 
the Commission . . . developed two major program objec. 
tives- (1) to strengthen, develop, or create where needed, 
human and material resources which are supportive of 
high quality library and information services; and (Z) to 
join together the Ubrarv and information facilities m the 
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country, t[irou'(h a mrrinujn pattern of organization, uni- 
form HUinclurdH, iirul nhari'd c(>rnmunicaticms, to form 4t 
n a t i o im' i cl e net w o r k / ' 

It points out that such 

. . a program must have incentives strong enough to 
^ncQurge niaximum cooperation anrl parlicipation. af?t 
only by ntates and local g()vt?rnm(?nts. but by interasted 
public and private agencies, as wdl"'^*--' 

Unlike the other reports mentioned previously in this 
chapter, the document released by the National Commis^' 
sion did not single out gcience information systems for 
special attention. It did, however, underscore the impor'^ 
tance of creating a nation-wide information structure, 
including scitmce information, capable of serving all in^ 
dividuals with the information they require in their daily 
work. The Commission echoed the SATCOM and Gr^en- 
berger reports by stressing the need for greater coordina- 
tiori between public and private information 
organizations and it urged the Congress to begin treating 
information as a national resource. 

The U.S. Congress (94th Congress, 1st Session) issued 
a Comniittee Print in 1975 dealing with federal manage- 
ment of scientific and technical information with particu- 
lar emphasis on the role of the National Science 
Foundation. The report was prepared for the Special Sub^ 
committee on the National Science Foundation of the 
Conimittee on Labor and Public Welfare of the U.S. Sen- 
ate. In the report, the Subcommittee perceived a revital- 
ized mission for NSF based on new requirements and 
endorsed a national coordinating mechanism for STL The 
letter of transmittal from Subcommittee Chairman, Sena- 
tor Edward M. Kennedy, to Senator Harrison A. WiL 
liams, Chairman of the Senate Committee on Labor and 
Public Welfare, contains the following passage: 

^ The importance of scientific and technica] information 
has emerged previously in the congressionaJ examination 
of science and technology organizations^ but only recently 
have Vie become aware that international and industrial 
trends in information networks have rahanced the value 
of our scientific inforTnatlon resources. This new attfciition 
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to infVirmadnrt an a natianal resouTO, however, has also 
revealed HtTBCiu H wuakne.SHtis in our irtfrastmcture for die- 
velopinganci utilizing this miuable resource, 

The report also invites recommeodations from the 
scientific eommunity and informatio!! specialists before 
Congress makes new decisi&ris that will reshape future 
directions of national policy. * 

Over the past thirty years, scierice has placed great 
stress on the importance of science iiiforniation to the 
individual scientist. The Bake^ Crawford, Weraberf^ 
SATCOM, Greenberger, and Conference B<oard reports 
extended this objective by etTiphasizing the need for new' 
suppDrting methodology arid by pointing up the critieal 
iniportance of scientific and techiiical information to the 
nation as a whole. How much progress hss been made? 

In general, science informationL has made rml progress 
in the United States during the past fifteen years. In par- 
ticular, we have seen a general upgrading of ^formation 
systems in the various disciplines, rhese sereices are 
founded on broad, consistent coverage of the published 
literature by the professional societies and their con» 
tinued development is therefore important to science and 
to the country. They provide the comprehensive coverage 
that assures the U.S. a permanent capability to deal with 
new trends in science and they also enable society to deal 
with new social problems in a responsible and economical 
fashion. This is why the federal government overall has 
an obligation to see to it that these systen^s remain viable 
and that they receive developmental funding for tl Jir 
improvement. 

During the same period, we have also observed the 
emergence of commercial STI services in the for-profit 
part of the pri vate sector. Many comnaercial indexing aiid 
abstracting firms now have computerized STI data bases^ 
and cither companies are pioneering new services such as 
the on-line computer services offered by System Develop- 
ment Corporation and Lockheed. Although the private 
sector is prepared to take risks, new intiatives require 
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incentives from thu fcKicral governnient to spur their ac- 
tive growth. 

The upgrading of science infarmation systems in the 
federal agencies is further evidence of propess. The 
medical sciei;iice information program of the National Li- 
brary of Medicine (NLM) is one outstanding example. 
NLM operates the largest, most yp4o^date, computerized 
medical information retrieval service in the world. The 
spectacular growth of the National Technical Informa- 
tion Service in the Department of Commerce is another 
example of federal agency initiative. 

Much prop^iss has been made from a technological 
standpoint. Computer technology especially has been 
used to great advantafe. We have seen computers used 
io print science information electronically, to disseminate 
it automatically^ and to retrieve it on demand. Moreover, 
computer data bases are proliferating in every branch of 
science and techvology, and the number o^' computer ter- 
minals at the fingertips of scientists and engineers is 
steadily increasing, rwo other information technologies 
have also made significant contributioL^s to science and 
technologj^ The first is telecommunications^ which gives 
science and techiiology a new freedom for disseminating 
and networking science information. The second is micro- 
graphics, whicli permits the printed scientiftc record to be 
compacted, duplicated, and distributed inexpensively. 

The natioD's future capability to handle scientific and 
technical information will, to an important degi*ee, de- 
pend on how well and how rapidly we are able to inte- 
grate these new technological developments, and others 
still to come, into the scientific communication enterprise* 

From an drganizstional standpoiot, however, progress 
has been slow. Despite all of the excelleiitt recommen- 
dations aod good intentions of past reports, there has 
been a getieral reluctance m Washington to push forward 
with a ^aatiTOal STI program. 

In speaking to a national program, all of the reports 
urged adherence to the mme planning principles in devis- 
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ing a new approudi. They agi-eed that we must at least 
ensure that scienct* infbrmuli€n menhanisms are in place 
that can effectively stimulate and extend individiial 
creativity; and that all science information activities, 
whether in government or in the private sector, somehow^ 
be made to function together in the national interest. 

While each of the reports had an impact on the science 
information community, their concordant recommen- 
dations did not result in major organizational chanps 
within the scientific communication enterprise or the fed- 
eral government. The persistent question remains— how 
best to mobiiiEe and unify independent, autonomous 
units in the public and private sectors around a national 
program? Within the science information community a 
general antagonism exists toward imposed solutions and 
federal contFot If a radical transformation is to occur, it 
most certamly will require that the components of the 
present system organize theniselves voluntarily. 
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III. THE NEW DIllCTIONS OF 
SCIENCE 



It is Burelv a mistake to suppfls«, m some do, that a 
satisfe' ^ »vy nationa! sckntific and technical information 
proi^fo V can evolve without reference to the new direc- 
tions m Mience. Three new directioins of science today 
pose obvious challenges to scientific communkalion sys- 
tems, First is the intense dedication of science to the al- 
leviation of national social and environmental problem\s. 
There is a pervasive attempt within the scientific com- 
munity to apply scientific knowledge and expertise spe- 
cifical'ly toward solving problems of a societal nature. 
Another is the continuing trend toward multidisciplinary 
science. Mainly because science is being redirected to 
seek breakthroughs in public problems, the established 
disciplines are expected to become highly interactive in 
"the years ahead. New science information systems will no 
doubt be needed to share information between the disci- 
plines on particular gubjecia. Perhaps the most significant 
new trend will be th-s development of "real-time" infor- 
mation svstems. National and even global monitoring sys- 
tems will soon be in operation, gathering staggering 
quantities of data for analysis, interpretation, and re- 
trieval. New approaches to aciejice information wholly 
different from the classical systems used to process publi- 
cations will be required to handle the data efficiently. 



Problem Solving 

Problem .solving i.s the keynote of current research and 
development. Policy makers alone cannot solve problems 
like the energy crisis. Both in determining correct poli- 
cies and in attempting to* execute them, they must in- 
creasingly rely on the discoveries and techniques of 
modern science. Not only are certain national problems 
peculiarly susceptible to the methods of analysis and pre- 
diction newly developed by science; in many cases science 



and techncilo^'y tlieniscHveH have created or aggravated 
these problems. It should comu as little surprise that poli- 
cy makers increasingly look to science to help improve 
the quality of life. 

That the problem-solving trend is increasingly palpable 
to scientists cannot be denied. Already certain NSF pro- 
grams have been made to conform with ''a shift in na- 
tional priorities which calls upon science and technology 
to aid in the solution of major problems that confront our 
society/'-^ At the "Conference to Develop a Rationale for 
a Science Inforniation Research Program'' held by Beck-, 
er and Hayes in June 1976, -^-^ almost everyone among the 
gi^oup of science information specialists assembled 
agreed that the federal government will favor "problem- 
Holving" scientific research in the years ahead. According 
to the conferees, the new problem-solving orientation of 
science is betokened especially by the flowering of inter- 
disciplinary think tanks, university research institutes, 
and urban resear^ch centers. 

If national policy promotes the use of scientific and 
technical information to the maximum extent possible for 
the alleviation of societal problems, existing STI institu- 
tions in the public and private sectors can expect to be 
afTected m a number of ways. 

First, the wider use of scientific and technical informa- 
tion means that more people will qualify as potential us- 
ers of existing systems. STI systems have traditionally 
served as primary clientele the scientists of a particular 
discipline. However, in a national problem-solving con- 
text, the needs of the policy maker, the administrator, the 
problem specialist, and the public must also be taken into 
account in the processing of information and the servic- 
ing of information needs. 

Second, the wider use of STI for the alleviation of socie- 
tal problems imposes a national, though voluntary, 
responsibility on each member of the STI community to 
serve tha national interest. This implies that related ac- 
tivities in the public and private sectors should strive to 
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develop coherent syBtemB. It does not meanj however, 
that they must merge into a monolithic system. A "coher^ 
eiit system" can be one in which the parties agree volun- 
tarily to adopt common standards, protocols, and 
practices that facilitate the use of their collective files 
netionally. 

Third, such expansion and redirection will add new 
importance to the public relations and user-educatioii 
functions of STI activities. More people will have to be 
made aware, trained, and educated in the purposes, ser- 
vices, access channels, and costs of using STI facilities. 

And lastly, increased use of STI facilities will demand 
that their owner/ operators become hard-headed busi^ 
nessmen who can justify costs to users commensurate 
with the benefits they will receive. In order to enable' a 
free STI marketplace to develop, it will be necessary first 
to correct certain economic imbalances that exist today 
between some publicly subsidized STI suppliers and pri- 
vate sector suppliers. Policy clarification here is crucial to 
the long'term continuity and expansion of private sector 
STI facilities. 

MultidiBciplinary Trends 

Another direction of science that is bound to have an 
impact on sciencrinformation systems of the future is the 
trend toward multidisciplinary science. As the scientific 
coinmunity dedicates itself to solving society^s problems 
and improving the quality of life, a corresponding need 
arises to build information bridges across disciplines. 

The oMerliness of the disciplines is not only in question 
as a policy, but also as an historical fact. Historian of 
science Thomas Kuhn noted almost 16 years ago in his 
celebrated The Structure of Scientific RevolutionB that 
science really does not develop by the lockstep accumula- 
tion of discoveries and inventions in strictly separated 
fields. Each field conducts normal scientific research 
according to ''paradi^s", or sets of previously accepted 
rules, tools, and truths, which relate more to areas of 



phenoniena tluin to prtjestablished disciplines. These 
paradigms severely restrict the range of inquiry in a fleld 
to those problems which can be expressed and solved 
within them, in order to allow the most exacting articula- 
tion and application of current knowledge. When the old 
rules begin to require "awkward" stretching for accom- 
modation of new discoveries, perhaps in another field, 
sometimes a scientific revolution will occur, and a new 
paradigm will be accepted. 

More significantly, the recent inclination of planners 
and policy makers to take systems approaches to prob- 
lems has led to the development of new disciplines. Some 
examples of these "interdisciplines", as AckoflT calls 
them,'-' are cybernetics, operations research, communica- 
tions sciences, and systems engineering. There is also 
pressure on the traditional disciplines to become more 
interdependent: 

", , .In the systems age we tend to look at things as part of 
larger wholes rather than as wholes to be taken apart. ,. 
One important con.sequence of this type of thinking is that 
science itself has come to be reconceptualized as a system 
whose parts, the disciplines, are interdependent, . . a varie- 
ty of disciplines work together on a problem as a whole,'"* 

Building information bridges across discipline lines 
means greater sharing of the information files extant in 
the several disciplines. Fortunately, and due mostly to 
NSF support, the STI files of moat of the professional 
societies and of many indexing and abstracting services 
are now in machine-readable form. In fact, many scien- 
tific bibliographic data bases already reside on a comput- 
er and some are even available through on-line 
communication systems. The sharing of data files to serve 
multidisciplinary needs implies increased networWnf of 
scientific and technical information. While STI data bases 
exist in the public and private sectors, much work re- 
mains to be done in order to integrate them and broaden 
their availability nationally. Increased networking will 
heighten the interpersonal communication problem 
among disciplines and, moreover, ways will ha-ve to be 
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found (or tuacliiny iisurH in one discipline how to under- 
Btand the jargon of' other diHcipUnes. 

Nunwrival and ReQl-Time Data Systems 

Perhaps the naost significant trend in science today is 
the shift in scientific methodology away from typical labo- 
ratory experimentation and natural observation toward 
highly numericaK reakime information monitoring^ It is 
increasingly likely that government agencies, as well as 
a number of research institutes in the academic and in- 
dustrial sectors, will be required by their technical needs 
to participate in reakime information monitoring, de- 
manding new information systenas to support them* and 
posing great challenges to national science information 
phinning. 

It was COSATL early in 1968, that first recognised the 
potential impact which numerical data systems would 
eventually have on science and technplogy. It commis- 
sioned a report describing these emerging systems and 
providing an inventory of them by type, size, and loca- 
tion.-^ 

For a number of good reasons reahtime monitoring by 
communications satellites can become an important tool 
of science. Monitoring by satellites equipped with multi- 
spectral scanners or other optical devices could greatly 
help the search for energy and resources and also assist 
us in protecting the environment. Moreover, satellites 
could facilitate world food management— a scheme re» 
cently proposed to alleviate the plight of the new billions 
that will inhabit Third World countries by the year 2000. 
Global determination of food supply and demand through 
remote sensors carried in communication satellites is ah 
ready under discussion at the United Nations. 

The prospect of world food management underscores 
world weather prediction and control as another objec- 
tive of science. Here, too, modem information technology 
based primarily on satellites and computers will be essen- 
tiah 
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VVernor Von Brnun nsserts that energy and environ^ 
mental problems in particular ''can only be solved by a 
global, coordinated systems approach. Successful solu- 
tions . . . will require continuous monitoring and survey- 
ing of the entire earth, supported by an effective 
communications system capable of transmitting large 
quantities of collected data and pictorial information in 
reahtime to a multitude of users. . Von Braun pre- 
dicts that ''by the turn of the century^ resource satellites 
will be collecting, as a matter of routine, precise global 
data on the local and worldwide yield of such food crops 
as corn, wheat, rye, barley, rice and soybeans, and of fiber 
crops like cotton and sisal/'^^' 

The role of real-time information monitoring in the 
drive towards nuclear disarmament is obvious. Already 
the Defense Department's SAMOS satellites circle the 
globe searching for new weapons deployments and pro- 
viding enforcement of our arms limitations treaties. Fur- 
ther research in satellite sensors could make monitoring 
of nuclear stockpiles even more precise. Just as impor- 
tant, such innovation might allow us to monitor peaceful 
nuclear projects as well, and to account for every ouiice 
of plutonium~as some day, inevitably, we must. 

Edward Weiss, who has managed the DSI fundamental 
research prop^am for many years^ has observed this 
trend toward reahtime information monitoring systems. 
He sees such systems as the generators of new reports 
and foresees a new-style "information explosion". Real- 
time data, he says, "is not being collected as an end in 
itself but rather as a means for newer research. It will be 
manipulated to produce new understandings which will 
eventuate in new data and reports. We are now con- 
fronted by a situation which by virtue of its sheer ma^- 
tude is qualitatively different from the information 
explosion as we have come to know it-"^®^ 

As can be seen, a totally new approach to scientific 
information handling is implied by the development of 
information systems which operate in real-time. Conven- 



tional Hciontific (locumt'titatian systems process books, 
technical reports, and journMl articles. They also provide 
means for searching bibliographic records, indexes, and 
abstracts of this material retrospectively. In such cases, 
it is normal for a user to work through intermediaries 
like libraries or information centers in order to locate the 
physical items. Real-time information systenis, on the 
other hand, are different from scientific documentation 
systems. Real-time information systems imply the closest 
poss'ible interface between the collection of data and its 
analysis by a user. They are also totally dependent on the 
availability of the most advanced forms of computer and 
communications information technology. Working at a 
computer terminal, a user can engage his data directly. 
P'urthermore. in certain instances, he interacts with his 
data while it is being collected and can store it in digitLd 
or pictorial form for subsequent analysis and retrieval. 



It is plain that these new directions of science will have 
a profound effect on science information in the years to 
come. In the twentieth century the field of science infor- 
mation was the instrumentality created to increase the 
utility of the scientific record. In the twenty-first century 
it will be the catalytic agent which promotes increased 
sharing of STI, through communications, among more 
people. This shift in emphasis must be anticipated in the 
federal government's research programs now if the 
changes which are coming are to be accommodated with- 
out shock. 
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IV. PRESSURES ON THE 
SCIENTIFIC COMMUNICATIONS 
ENTERPRISE 



SATCOM s recommendations concerning broad policy 
issues at the national level were never implemented, nor 
were Greenberger's. The pressures which prompted their 
preparation are still present. What is the current situa- 
tion, and what can be done about it? 

The types of materials and institutions involved in the 
scientific information transfer process are becoming more 
diverse. Science information abounds in books, journals 
and technical reports; in films, audiovisuals, and mi- 
crofilm; and in digital computer tapes {bibiiogi^aphical 
and numerical), analog computer tapes, and video tapes. 
These forms of science information are produced, pro- 
cessed, and serviced by federal agencies, the publishing 
industry, indexing and abstracting services, professional 
societies, information companies, libraries, and informa- 
tion analysis centers in the public and private sectors. 

The volume of scientific information continues to ex- 
pand with the growth of science expenditui^es and the 
growth in the number of practicing scientists. Increasing- 
ly voluminous scientific data flows from our printing 
presses daily. This overarching problem has not abated. 
It is thus little wonder that keeping up with the scientific 
record has become the main motivation behind eflforts by 
scientists to strengthen science communication processes 
in the United States. 

A recent study by the French economist Professor 
Georges Anderla for the Organization for Economic 
Cooperation and Development (OECD) predicted a four- 
fold to sevenfold increase in information by 1985^^0) In his 
judgment, no country in the world has yet faced up to the 
problem of assimilating new knowledge at a rate consis- 
tent with its production. Other quantitative studies also 
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indicate* tfial, fnr' all scirni ilic cliscip lines and fbi^ all math- 
f)dH of t'ecoF'ding. iht* voluniu of information rBady for 
pi'ocessin^^ in science infc)rnuitinn s^ystems hiiH boen dou- 
bling i^vvry 1(%15 years. The National Academy of 
Sciences !'(*[)ortefi the situation tfiis way: 

. Airt'nds^ the figures havt' ht't^cHiic Htaguering— rough- 
\y in, 000 research paj>i^rs a yeai^ in physicH. several times 
thai nuniher iii e[ie^li^^try, [biology anci agriculture, even 
mf)re in medicine ami perhaps as many as 2. 000, 000 in all 

lit'idr^ lit ^cwncv and tt-fhnoioi^v taken logether/' 

Xeiiher Pi^ofessoi' Anderla nor the National Academy 
of Sciences took into account in theii' pi^edictions the huge 
quantities of numerical scientific data, as distingTjiished 
from printed souiTes of information, which the United 
Slates collects' and generates. The amount of this data, 
ac(}uii'ed by satellite for weather monitoring, environ- 
mental monitoiing, and other similar progi^ams, is enor- 
mous. This "data explosion" was unforeseen in 1958, the 
year NSF's science information progi'am was estabUshed. 

There is a growing requirement to use single-discipline 
infbi^mation services as generators for satisfying multi- 
discipline needs. Although many problem-oriented re- 
quirements cire being met this way, some problems re- 
quire methods of solution that are often unavailable from 
any one data base. Each time a new, major multi-disci" 
pline information requirement emerges—such as those 
concerning energy or the environment—it is difRcult to 
assemble a satisfactory data base without considerable 
delay and expense. Until full compatibility and/or trans- 
A^rability among single discipline data bases is achieved, 
the demand for independent problem-oriented data bases 
is likely to persist. 

What's more, the number of potential users of scientific 
information is increasing. Recent statistical projections 
by NSF indicate that the number of scientists and tech- 
nicians in the U.S. is rising and will continue to rise dur- 
ing the next decade. To this number must be added the 
additional millions in business and industry who are sec- 
ondary users of science information, as well as students 
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engagud in sru^ntilir and technical studies. Moreover, 
scientific and technical information is no longer of inter- 
est solely to scientists and engineers. More and more it is 
being used by decision makers, planners, policy makers, 
and administrators. This underlies NSF's introduction in 
1975, at the request of Congress, of a new program called 
"Science for the Citizen" to improve the public's under- 
standing of public policy issues involving science and 
technology. 

Another pressure on the scientific communication en- 
terprise is the strong national trend to utilize computers 
and communications for networking scientific informa- 
tion. Until just recently, computerized discipline-oriented 
information systems were geographically dispersed in a 
few large centers and accessed separately. Now, on-line 
terminals can be used to rapidly interrogate groups of 
bibliographic data bases through any telephone connec- 
tion. Studies indicate a 33% annual increase in the avail- 
ability of individual ondine computer terminals in the 
U,S, fbr scientific and other information retrieval appli- 
cations, from 500,000 units in 1972 to more than 1,500,000 
in operation by 1977. 

As the number of online terminals increase and as 
greater use is made of shared communication systems, a 
national scientific and technical information network 
becomes a tangible reality. Scientists and technicians 
need information for different reasons at different times. 
To function effectively, each user must have access, 
through communications, to that portion of the total re- 
source that is relevant to his immediate needs, whether 
they coincide with the needs of his stated discipline or 
not. A national scientific and technical information net- 
work which would interconnect discipline-oriented and 
mission^oriented information systems by electronics 
could satisfy the diverse needs of users more effectively 
than can the existing information networks. 

There is also a negative argument: unless cohesive de- 
velopment takes place, the separate systems will remain 
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insulated from one anotiier and from their users. Only if 
maximum communication can be established among 
them, can the array be converted into a national resource 
of immense potential value to America's scientific enter- 
prise. To do this, of course, will require development and 
acceptance of technical guidelines and national standards 
that will ensure the compatible development of STI net- 
works and their ultimate interconnection. We spend $30 
billion/year for scientific R&D; we should thus rank mak- 
ing available the results of R&D as a high public responsi- 
bility. 

The main agent of this public responsibility is the fed- 
eral government. Until recently, no authoritative group 
in the federal government was responsible for shaping 
science information policy. Nor is there a unit in govern- 
ment charged with research, planning, and coordination 
functions for STL We have numerous STI programs in 
the U.S, which, in the aggregate, constitute a powerful 
national resource. But, the scientific communication en- 
terprise is not organized to function interdependently in 
support of American science. Now is the time, then, to 
devise some means whereby individual efforts in the pub- 
lic and private sectors can voluntarily fall in with a na- 
tional scientific and technical information program. 
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V. ORGANIZING FOR NATIONAL 
DEVELOPMENT 



What aciior can tlie fedural government take now to 
ensure the lu.rmonious and continuing development of 
the natfon'ri scientific communication enterprise? 

A review of t}ie recommendations of past studies and 
reports and the implications of the new directions of 
science suggest we need (1) a locus of responsibility for 
making science information policy at the national level; 
(2) a dynamic, federally funded research and develop- 
ment program; and, (3) a voluntary organizational mech- 
anism for coordinating STI activities in the public and 
private sectors. 

Svivnca infhrmAilion Polii'y—Crmting a National 
Piiluy-Making Body 

The scientific communication enterprise has never en- 
joyed a tiigh priority in the competition for national poli- 
cy attention. But, now the time has come to establish a 
permanent unit in the federal structure responsible for 
examining scientific and technical information policy is- 
sues, as they arise, and for making informed judgments 
on how to resolve th^m. Unless we have an entity which 
can formulate national STI policy^ we will continue to 
fragment our efforts and to avoid confronting matters 
which are crucial to the national interest. 

An historical step was taken recently that is certain to 
affect the development of scientific and technical informa- 
tion activities in the United States for years to come. In 
May 1976, President Ford signed into law the National 
Science and Technology Policy, Organization, and Priori' 
ties Act of 1976. The key provision of the Act establishes 
a new Office of Science and Technology Policy (OSTP) at 
the White House to serve the President as an important 
source of advice on the scientific, engineering, and techni- 
cal aspects of issues that require attention at the highest 
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levck of .^,)vcrnni.-ni . Tiu' Act tlesignates the Director of 
OSTP an the I'residfnL's Science Advisor and creates tlie 
President s Science Advisory Committee specifymg that 
one of as mmuwrn will be. an experr. in "information 
dissemination". The Act also assigns to the Committee 
the.' task oi conducting a survey of federal science arid 
technnlotn- including consideration of improvements tor 
handlin^^ scientific and technical information m eixisting 
federal svstems and in the private sector. Thus, the new 
tbcal point in aovernment fbr fbrmulating national 
science policy and national science information jwlicy 
rests with the President's Science Advisor and his Lom- 
mittee. 

The SATCOM and Greenberger reports, previously 
mentioned, recommended a high-level pohcy=making_ 
body for STI which included the active participatmn ot 
Ihe 'private sector in its deliberations. Since the Presi- 
dent's Science Advisor and his staff will be coi^erned 
with broad matters of U.S. science pohcy, the Science 
Adviwr's office would be a natural home for a Panel on 
Science Information Policy reaponsibk for examining 
Hdence information policy issues affecting the public and 
private actors. If. as the Special Sub-conmiittee on the 
National Science Foundation of the U.S. Senates Com^ 
mittee on Labor and Public Welfare sugg'^sts, we begm at 
last to treat STI as a national resource, then policy with 
respect to its long-range development belongs at the high- 
est level of government, 

A Panel on Science Information Policy, attached to the 
Science Advisor at the White House, would discuss policy 
issues brought before it by the federal agencies and the 
orivate sector. It would not operate specific progra^ms out 
would continually assess the health of the scientific com- 
munication enterprise, debate the salient issues from a 
national perspective, and formulate relevant policy 
recommendations for the Science Advisor s approval. Its 
respcnsibilities would also extend to consideration of na- 
tional policy in relationship to bilateral and international 
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STI nri/i>tiiif lon^ Thr Panel woukl be cornpu^^ed of repre- 
sentatives lvnn\ the [)ui)lie unci piivat^* sectors including 
technical experts in STI and individuals who actually use 

STI Services. 

The Panel on Science Infbi-rimiion Policy would have a 
full agenda from the very beginninp. The field dcspei'ate- 
ly needs high levi^l [policy deliherations in several critical 
areas. For example, from a national viewpoint, what 
should be the relationship of govei nment STI activities to 
those of the private sector? What responsihility does the 
government have for developing or sustaining private 
sector STI activities, and when is it in the national inter- 
est to do so? Should the U,S. give away its scientific infor- 
mation freely or charge a fee? What should LLS. strategy 
be concerning international STI exchanges with foreign 
countries"' How fiir should an individual agency go in 
making STI avaiUible to the general public? How can 
federal agency practices be strengthened with respect to 
STI? What are the federal government's rights and obli- 
gations with respect to STI generated at public expense? 

In addition to its primary policy-making function, the 
Panel would also be assigned responsibilities for: (1) ar- 
ticulating national goals and objectives for the field of 
scientific and technical information; (2) setting priorities; 
(3) establishing funding levels for government-sponsored 
STI reseai'ch and development; (4) providing a fbrum for 
a continuing dialogue with the private sector; (5) en- 
couraging major experiments which can lead to general- 
izable benefits; and, (6) assisting the federal agencies in 
the coordination of their science Information programs 
and the resolution of conflicting policies. 

At this time, there is no clear national direction for 
science information programs; the public and the private 
sector do not always share common objectives. There is 
a need for strong national leadership, a technological up- 
grading of scientific and technical information faeilities, 
and a closer integration of public and private STI activi- 
ties. Most important, is the need to start thinking nation- 
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ally ahcmt our scifniific coninninication enterprise and 
setliny the national policies whicli accordingly will enable 
all elements of the enterprise to pull together in the same 

Rewarch and Ikieiopmnnt'-'Reonvntinii .VSF's R&I) 

During the past ♦ wenty years, the federal government 
hriH played the major role in sponsoring research and 
development for the nation's scientific and technical in- 
formation systems. Tlio progi'ams of the Defense Depart- 
ment and "the large mission-oriented agencies were 
especially significant. 

But the unit of government principally responsible for 
research and development in the scientific communica- 
tion enterprise is the Division of Science Information of 
the National Science Foundation, It has given sustained 
support to the field of scientific and technical information 
all through its history. 

In the last several years the DSI's annuAl budget has 
decreased while the "budget for the National Science 
Foundation as a whole has increased. From an annual 
budget high of $14.4 million in 1968, the DSI budget has 
dropped to a low of $5 million in fiscal year 1975. This 
downward trend has prompted the National Science 
Foundation to reevaluate the mission and function of the 
DSI in an efFort to identify goals and objectives for it 
which are most explicitly responsive to today's science 
information needs. Although the recent cuts in the DSI 
budget implicitly call into question its continuing impor- 
tance, it should 'be apparent from "the record" that the 
DSI has consistently succeeded in enhancing the utility of 
the national scientific endeavor. It has clearly fulfilled its 
original statutory charge to induce the effective dissemi- 
nation of the results of scientific research and develop- 
ment by supporting and encouraging new science 
information systems. However, because DSI has not been 
provided with the resources necessary to do the job it has 



been unable to fulfill all Df'tbe responsibilities assigned to 
it under its original Charter, 

It is not clear why the budgetai\v disparity between 
science infbi'mation s;upport and science research support 
at XSF continues. Certainly there has been no decline in 
new infbrmation problems needing solution nor any lack 
of^ evidence of the vital role science infbrmation plays in 
the nation s social and economic well being. In fact, prob- 
lems ofsize, cost, compatibility, and complexity of science 
information systems are growing, not at a constant rate, 
but at an eve!' increasing rate. And, science Infbrmation 
is being used more and mure extensively for the solution 
of societal problems. Despite these considerations, NSF 
has been unable to rationalize a useful progi^am. for DBI 
cornniensur'ate with the total need. If NSF were to begin 
to view DSrs research role in the broader context of 
developing and improving the infrastructure for a na- 
tional scientific infbrmation program, the importance of 
reversing the existing policy of budgetary restraint might 
become apparent. 

The coming postindustrial, inform.ation-oriented soci- 
ety demands just such an office as DSI~with, of course, 
an enlightened reorientation. In the next five years, the 
DSI must continue the gearing of its research and sup- 
port pi*ogi\Hm to national goals by synchronizing Its oper- 
ations with the new^ directions of science. As we have 
seen, one of the most significant new directions of science 
is the reorientation of scientists and facilities for the di- 
rect improvement of the quality of life. We have also seen 
that, in light of the government's broadly-based attacks 
on problems like the energy crisis, environmental degra- 
dation, and hunger, the need for professionals of every 
stripe to utilize multidisciplinary science information has 
never been greater. 

Science information systems must change accordingly. 
One might think the best way of satisfying this need is the 
continued establishment of independent, machine=read' 
able data bases centering on knowledge germane to par- 
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ticular fircsMfia rdru'cfns. fkit iliis is only purl of tlie 
answer. What is rKMnhni aciciitioiially is the inuaisive 
investigation or'theoi'ies and instrainiunts of" libi^ai'v and 
(lat a-basr i ri t v*x^^n hlk'! ion = 

DSI shouki aiM)V(^ all su[)[)0!i rn^search that leads to the 
deve!o[)nient of'exi)licit niechanisnis for shaianK ^^cientific 
and tecimical infbraiiai lon, Oftliesi' pertiaps llie ^^'fatest 
attention should now be given to on-line, intemcti ve. eonv 
rnittM' netwa)i'kinii systems. These could make our knowj- 
etige resources indeed responsive to the pi'ntean societai 
problems we face. Through tlie distributive power of com= 
[)uters and coniniunicalions, science information can be 
made avauable to many different users simultaneously. 
T\w use of ondine computer terminals eliminates geo- 
graf)liic restraints, so thai specialists in every city can tap 
the combined science information resources of the coun- 
try in their ow n area of specialization. Especially because 
the networking of^ discipline-oriented information sys- 
tems integrates existing systems, spelling a high return 
on research investment. DSI should fund studies on such 
matters as networking, disseminating science informa- 
tion among more broadly^based user groups, increasing 
machine^readable data-base coverage, extending ondine 
systems and services, and creating standards for facilitat- 
ing multidisciplinary interconnection. 

Considering the new directions of science, and the new 
methods of science communications, the main priority of 
DSI must now become applied research for promoting the 
sharing of science inft5rmation. Science is being thrust by 
the pubiic and by policy makers in the direction not of 
national security, but of national prosperity, health, and, 
well being, F'or this reason the idea of sharing must not 
stop with tfie introduction of mechanisms for sharing be- 
tween and among libraries and information centers. 
What is needed additionally are improved means for 
sharing science information between the scientist, the 
designer, the implementer, the user, and the public policy 
maker. Unless the entire chain of communication is en- 
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[lantvcl by t\\v shar'itig f)r{)ceHH, recjuirements to improve 
the quality olMite aru unlikely to be satisfied. To help ease 
the application of scientific knovvledge to collective na- 
tinna! problem?^, DSI shnuld staunchly support mecha^ 
ni.sm.-; for the sliaring of science information nationally 
anti internationally. 

How can the current (ranievvork of DSI research objec- 
tives be refashioned to agree with this new, critical priori- 
ty Let us first consider the framework. In 1974, the DSI 
announced tliat its research progi'am would be directed 
towards 17 new l esearch objectives. This was an explicit 
and significant shift away from the policies established 
ecUaier. The new objectives are mainly concerned with 
improving the management, accessibility, and use of STI 
(see Appendix A)^ These objectives provide the Division's 
basis of operations for fiscal years 1975 and 1976. 

Generally, the 17 objectives deal with the important 
issues. The completeness of the list is confirmed by com- 
paring it with a list of objectives culled from the Wein- 
berg, SATCOM, Greenberger, and Conference Board 
reports. Such an analysis reveals a remarkable degree of 
overlap and attests to the broad coverage of the current 
DSI program. 

Yet there is mounting evidence that this hst of objec- 
tives requires further refining, amending, and structur- 
ing. For example, six objectives cited in the four 
above-mentioned reports are not included in the DSI list 
(see Appendix B). Also, the 17 objectives are not ranked 
in any order of priority. DSI made a conscious decision 
not to set priorities in order to give the profession an 
opportunity to express its own views on the future direc- 
tion of the research program. Two studies were commis- 
sioned. This one, and another from ASIS designed to elicit 
the views of the information science profession. In a nota- 
ble efitbrt to tap the judpiient and eKpertise of the techni* 
cahcommunity ''grass roots", the American Society for 
Information Science recently subjected the program to 
the scrutiny of a cross-section of that society's member* 
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-«hi[>, Tht' rfspnn^i's tVoni ttu- inlbrmation sciency profes- 
:^;(HUils polled mm'^' tli'" '"i'>' ^oHo^^''"^ ^ of the 
oritrinal IT objectively deserve to he jiiven top priority by 
DSl: 

Pnnnty 1^ To ibsU'r the devrlopment of networking 
amonii scientific and technica! information 
services. 

Fnoriiv 2, To encourage use of on-line, interactive 
6TI systems. 

Priorilv 3. To improve nutionai coordinaiion among 
scientific and technical information ser- 
vices, 

f 'riorit v 4, To encourage the abstracting and indexing 
of new scientific and technical informa- 
tion. 

Prioritv 5. To facilitate collegedevel awareness of 
scientific and technical information ser- 
vices. 

All things considered, however, the list of objectives 
prepared bv DSI represents the first coherent research 
progi-am to appear in the field of science information. It 
has been widely publicized and openly discussed in the 
professional press and at professional meetings. Drawing 
upon these deliberations, DSI expects to refine the pro- 
gram further and subsequently set priorities. In particu- 
lar, DSI plans to reformulate those objectives which are 
most sigrnficant in terms of the national welfare or the 
solution of national problems. Thus, critical analysis of 
the list provides still more evidence for the need to .set 
new, cogent, research objectives In line with new national 
priorities. 

What are some of the steps the federal government can 
take to direct and encourage DSI to embark on a new 
mission, one appropriate to the new directions of science 
and oriented toward a national program? First, perhaps, 
should come changes in the statutory basis of DSI. 

The National Science Foundation Act of 1950 (Public 
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Law 507i dirtTUni the Foundation,^' "... to foster the 
exchange of scientific iiifbrriiation among scientists in the 
United States and foreign countries". In the Act Congress 
urged the Foundation to strengthen the scientific and 
technical I'e^^earch apparatus ol^the nation by (1) taking 
initiatives in support of basic research in all scientific 
disciplines; i2) upgrading science educaLion; and (3) in- 
creasing scientific infbrmittion exchange. With the pas- 
sage of the Act, the Foundation established a Scientific 
Inforniation Office to meet the third objective. 

Later* in conformance with Title IX of the National 
Defense Education Act of 1958, the Foundation 
changed the name of the Scientific Information Office to 
the Office of Science Information Service (OSIS) and in 
1976 changed the name again to the Division of Science 
Information (DSD, A list of all known legislative and ex- 
ecutive authorities affecting the responsibilities of NSF 
for scientific and technical information appears in Appen- 
dix C, 

Under the terms of Title IX (Sections 901 and 902) of 
the National Defense Education Act of 1958, the Founda 
tion was directed to establish a Science Information Serv- 
ice which w^ould ''(1) provide, or arrange for the provision 
of indexing, abstracting, translating, and other services 
leading to a more eflfective dissemination of scientific in- 
formation and (2) undertake programs to develop im- 
proved methods, including mechanized systems, for 
making scientific information available.'' The Act also 
provided for the establishment of a Science Information 
Council to advise and make recommendations to the 
Science Information Service, The statutory life of the 
Council expired in 1975. 

With reference to the first part of the original OSIS 
mandate—namely, to ''provide, or arrange for the provi- 
sion of indexing, abstracting, translating and other ser- 
vices leading to a more effective dissemination of 
scientific information . . / —the Office of Science Informa- 
tion Service scored a number of si^ificant achievements. 
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Sincf 195H ii pr-ovidfci dln-vi mppori to primary publish- 
ing and also f utnlcti scvf-ral major experimental research 
arrd development projects designed to upgnidL--from 
manual to computer methods— sfc'CondaiT indexmg and 
,,1,^. ipj, ^erviceh in a number of scientific disciplines 
^uch as plis-sics and chemistry. In addition, it established 
twentv-one new scientific journals and arranged for the 
svsteniat.c iranslation of relevant foreign scientific litera- 
ture. With regard to the second part of its mission, ^ it 
developed six university-based computerized science in- 
fbrmation svstems, supported the computerization of dis- 
ciplint-oriented STI systems, and spurred the growth of 
a science information industry. All through its history, 
OSIS has strengthened and extended those activities in 
and out of government that create, process, organize, and 
distribute scientific information. 

\V lule the wording of its 1958 mandate enabled OSIS to 
prui i(!p snenrc mfurmation mrviceti of its own, and even 
though it was called the Office of Science Information 
Seri'icc, the XSF decided early in its history not to engage 
in the actual operation of activities that would compete 
with those of professional societies or commercial inter- 
ests \ot onlv that, but in 1971, the OfTice of Management 
and Budget directed NSF to phase out its support of even 
its restricted group of discipline-oriented information ser- 
vices on the grounds that afler years of developmental 
funding they should now be self-sustaining. 

The second part of the 1958 mission was to "undertake 
programs to develop new or improved methods, including 
mechanized svstems, for making scientific information 
available." Although the word "research" does not ap- 
pear in this statement, the idea is implicit m it. Based on 
such an inference, the NSF has served the public and 
private sectors as a major source of federal funds for basic 
and applied research work in the general field of informa- 
tion science. It has also supported academic research, 
sppcifically in the development of information science as 
a distinctive discipline. The total investment by NSF in 
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science infbrnialion nmcuu'ch and development activities 
to support the dual mandate discussed above, for the 
period 1958-1974, amounted to more than $140 million,'^?^ 

On balance, DSI has made many important advances 
under its eighteenvvear^old charter but more remains to 
be done, A revision of its mandate is now in order. A new 
DSI Charter would define ''science information'' in the 
broadest terms, making clear that it includes scientific 
information and data in all formats— whether biblio- 
graphic or numerical, printed or audio-visual, digital or 
analog. Title IX of the National Defense Education Act of 
1958 would be amended to direct NSF to establish not a 
''Science Information Service", as the present law re- 
quires, but rather a "Division of Science Information Re- 
search and Development", Existing responsibilities to 
provide indexing, abstracting, and translation services 
and to investigate new methods for making STI available 
would continue. Two new explicit responsibilities would 
be added. The first would be to promote the sharing, ex- 
change, and utilization of scientific and technical informa- 
tion nationally. The second would be to institute a 
fundamental and applied research program in support of 
national objectives. Furthermore, if the Charter for DSI 
should be changed, so should its name. The Division will 
need a name descriptive of its new responsibilities. Per- 
haps amending its current name to the "Division of 
Science Information Research and Development" is most 
apt under the circumstances. 

Thus, the first step which the federal government can 
take in a national STI context is to amend the DSrs Char' 
ter by charging it udth explicit national research and 
coordination responsibilities for STL 

In exercising its new responsibilities, DSI would set 
forth its priority goals for the time-frame 19764986. The 
enlistment of its research program to encourage and de- 
velop STI networks within disciplines and between disci- 
plines would have first priority. The program would lead 
to applied research for the development of voluntary net 



work standards and inter-communication protocols, for 
creating and sharing machine-readable data base files, for 
accelerating efforts to convert as much scientific and tech- 
nical information as possible into machine-readable form, 
and for bringing on-line computer systems into operation 
in new subject fields, It would result in greater communi- 
cation of STI between disciplines and thus enable science 
to make an impact on the nation's problem-solving capa- 
bility. 

The second research priority would be to increase the 
utilization rate of STI nationally. It would call for an 
immediate nationwide campaign to inform and educate 
potential users, starting in high school and college, about 
existing and planned STI products, services, and systems 
in the public and private sectors. A nationwide awareness 
of present and future STI capabilities, when it occurs, 
would broaden the exchange of scientific knowledge 
among scientists and non-scientists alike. 

Another step which the federal government can take in 
support of a national STI program is to stipulate specific 
DSI research priorities consistent with national priorities 
and the new directions of science. This means NSF would 
place greatest emphasis on applied research and fund 
predominantly those projects which imply improvement 
in STI services nationally through shared resources, 
cooperative efforts, networks, and other forms of inter- 
system communication. 

Of course, the new DSI program should not neglect its 
traditional responsibility toward scientific research in the 
information field. Fundamental research is a long-term 
investment, not a short-term priority. Information 
science is a fledgling "interdiscipline" and much of its 
potential cannot be utilized without deeper studies of its 
theoretical foundations. Fundamental research in infor- 
mation science is crucial to a national STI program over 
the long term. 

Developing a nationally-oriented research arid develop- 
ment program consistent with national priorities and the 
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new directionH ofsciunct* will require more than a restate- 
ment of purposes, principles, and priorities by NSF. It 
means acceptance, on the part of NSF, of a critical respon^ 
sibility to develop and maintain a clear relationship be- 
tween the design and operation of science information 
systems on the one hand and the quality of LIS. science 
and technology on the other hand, 

Coardination—Mohilizing and Unifying the STI 
Conimunity 

As Ackoff points out, the current composition of the 
STI community rupresonts a "nnn-Rv.^tem*' consi.^ting of a 
collection of independent, uncoordinated parts. Getting 
the separate parts of a national STI system to function as 
a whole will be a Herculean task. Moreover, in our demo- 
cratic society* it cannot be achieved by federal edict but 
must come about through voluntary cooperation among 
all parties. 

The STI community is composed of many, independent, 
autonomous units in the public and private sectors. Each 
has its own clientele and its own financial base. While one 
organization may desire to join a larger cooperative in 
order to form an interdependent national system, it is 
generally reluctant to do so for fear of losing local control 
The alternative then is to seek ways of achieving national 
objectives through voluntary means, 

A unique experiment in voluntary organization of the 
scientific communication enterprise is already underway. 
Over the past two years, the Busch Center of the Wharton 
School of the University of Pennsylvania has been study- 
ing STI activities from a whole-system perspective. The 
project has developed a planning methodology called 
SCATT (Sciaft4ific Communication and Technolo^ 
Transfer System) which provides an intellectual desipi 
framework that permits different "stake-holders" in the 
STI community to view themselves within the context of 
a national system. By testing this image with a cross- 
section of stake-holders, the project expects to initiate 
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and t'ncounigt' a tiiaHsive^ sflf-organization effort among 
all parts of the scientific communication enterprise so 
that their integration is eventually achieved. Through 
this process, it further hopes to engage the same partici- 
pants in deflning overall objectives that will unify and 
improve the effect of their respective, individual efforts. 

As was indicated in Chapter !1, numerous, generally 
concordant recommendations have been made in the past 
to establish commissions, advisory councils, capping 
agencies, and other organizational entities designed to 
deal with the scientific communication enterprise in a 
national context. However, none were ever implemented. 
The reason for this inaction cannot be attributed to a lack 
of studies of the underlying problem. Everyone connected 
with science communications agrees the problem exists, 
that it is important, apd that it must be addressed. The 
trouble has been precisely that high-level officials, whose 
primary concern is of course with problems other than 
information, have not been convinced that information 
problems in a national sense are sufficiently serious to 
require that anything be done about them. In addition, 
the inaction probably indicates an aversion by members 
of the STI community to top-down,^ imposed solutions, 
and a general fear of federal control. Rather than continu- 
ing to tilt at windmills, perhaps the time has come to 
create an Institute, under OSTP auspicea, with which STI 
elements in the public and private sectors can voluntarily 
affiliate. Its aim would coincide with the new goals of DSI 
and its purpose would be twofold: first, to give members 
of the STI community and the professional societies a 
continuing voice in shaping the NSF research program; 
and, second, to provide them with a forum for planning 
and discussing STI programs from a national perspective. 
Specifically, it would help in planning and developing the 
scientific "communication enterprise as required to 
achieve national objectives, and in coalescing the mutual 
STI interests of the public and private sectors. It would 
establish a focal point for STI activity now fragmented 
throughout the government. It would enable the private 
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sector to pool Honie of itn proposals for meeting user 
needs. It would deal with technical questions like stan- 
dards and system compatibility, and attempt to develop 
uniform STI practices and procedures in both sectors. 
The Institute would essentially replace the now defunct 
Science Information Council by providing a steady flow of 
advice and guidance to NSF and DSL It would operate 
with a small secretariat supported by the government, 
but substantive participation by members would be 
voluntary and self-supporting. 

When the marshalling of voluntary, cooperative effort 
for a specific purpose is in the public interest, there is 
ample precedent for the federal government to establish 
a non-profit Institute. Throughout the federal govern- 
ment agencies rely upon voluntary associations not only 
for research and training assistance but also, in some 
cases, for the actual administration of certain agency pro- 
gi'ams. Examples are the services provided by the Insti- 
tute of International Education to the foreign student 
program of the Department of State, and the work of the 
American National Standards Institute (ANSI), estab- 
lished more than fifty years ago by a number of technical 
societies and the National Bureau of Standards. Similar- 
ly, an American Scientific and Technical Information In- 
stitute (ASTII) established under the aegis of OSTP with 
participation from the National Science Foundation 
could provide the federal agencies, the professional socie- 
ties, and the information industry, with the organization- 
al framew^ork on which a national program of scientific 
and technical inform.ation could be built It would also 
provide the analytical framework within which diverse 
groups could think about their respective roles and their 
common technical problems. Membership in the proposed 
Institute would be drawn from the public and private 
sector. Organizations like the professional societies, the 
National Federation of Abstracting and Indexing Ser- 
vices, the Association of Scientific Information Dissemi- 
nation Centers, the American Society for Information 
Science the Special Libraries Association, the Informa- 



45 



47 



tion Industry Association, and others, would join the In- 
stitute to represent their respective constituencies. The 
use of nongovernmental organiMtions to carry out public 
functions, a rare occurrence before World War II, is now 
accepted policy in most parts of the government. ™' 
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VI. EPILOGUE 



Just as science itself is undergoing changes in direction, 
so science information requires changes in policy and 
organization to meet the problems of the coming decades. 
Unless the people of post-industrial America begin to 
manage scientific and technical knowledge more system- 
atically and creatively, we will weaken our ability to ap- 
ply scientiflc knowledge to national problems. Moreover^ 
continued fragmented development may lead to costly, 
overlapping, and unrelated science information systems 
which can never be made mutually reinforcing. The time 
has come to put the field of science information in step 
with the new directions of science. The proposals outlined 
will go a long way toward this end. They represent practi- 
cal steps which the federal government can take now, 
within existing authorities, to support a viable and realis- 
tic national program in the field of science information. 
We do not need a monolithic national scientific and tech- 
nical information system. What we do need is a national 
policy, a national R&D program and a national frame- 
work within which both diversity and interchange can be 
voluntarily accommodated. 
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APPENDIX A 

17 DSI ()B.JiaTfVrvS a)MPAKED WITH OBJKCTIVKS CONTAINED IN THE WEINBERG, 
SATCOM. (;i{EKNBEK(;KIi AND CONFERENCE BOARD REPORTS 



DSI OBJECTIVES— 1974 


REMARKS 


GREENBERGER— 1972 
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-'.'•asviDr t/?- !* '•' ■, t-'of;] aiMiii "S^'f v^Cu^ 
:n ?»-'r')f^ !•! :iipf(;,*Mj !j,';j^jinn rnrik^ifiq n 
stjf; nuKuJ^I'Ma a? 'ilO*''"- * 


r?^fKiS MSij'ifiij [ho tjJ'ffoflfU uf tff- 

MirfT.niiOfi a^d '-^ sust't/'nq iht- assertion 
n-'>i' 'If '*'fvjj tMf?>'"'dtion !S yita! to SCiUnCO 
H^d luCf"'^5)(!ifj/ ^*^'>'?arcti WOfKofS and to 
af^Cisipf f^akt-fs '-I fiOvOfnmPiit and 'n fn. 


D^ais With the need to ^lavt^ quantitative 
moans by which to nfoasu'e inlorfnation 
bfinf?f!is as a fyncfton of timo and cost to 
the individual usor arifj pis ofnani^ation 


;f?i[)f-., : .jiS'-K'h-C'u^'i^vSS and 


S»V/ts U) iyu>idi> ar^ R5;Q fT'e^chanism tOr 

'~si)f'- ■ '-J' > onr?'-'i s cost / fjf f oc fi vP?no*-i j ' a hiCt"' 
fippi'OU to natton'B ST! i^ery^cos 

r.fr^i d''!d !'(.ti{((.H"njC .'lalJfhlV 


Points Out the need for similar studies arid 
coordiriaied developniont ot STI servict. 
Oftiphasi/mg th€^ (niportanc^ of idgntifying 
eCfjnomic Cfitoria ter managonient, im- 
proving marketing and distribution of ST! 
products and services, and involvirKj the 
u5&r more aciiveiy in the df/Sign of sys- 
tems 




US' ^nit^nr i^.> "^i'lpnon fijndarncnta' ru- 
btui'U^ Uit^* A^ii r.ia^O J^'toni\at(Or^ SCiSr;ce 
a '1 'sC'pi/-/ -''-^ fiAf) nqhl-^eq ji^alGn! in 

ore 


A^.sun IPS the e^istf nco of the field of infor- 
niatiOn science and cttes trie need for re= 
search nn spocif c fu-'?dnmentai problems 


^ 'n-''.ari'"'^i to A.iy^ !o pro^ 
*• r ' ' : ^* C a ^ 'f; ^O' ■ ' ^^'HS 


D^V i>;fCtNyeS a rV'fC^d !0 tOd^Hip qu'cHv ih 
of<}.-r »o mpf^r a C'iS'S tH nationai infornm^ 
hcy'-, 't^qiji'^l^mfV't^ g . r-nc-rnv 't irrtpiiOs 
^■^r. tfV ''."i!Scipii^arv approach to existinq 

DSi suQQo^.-5 a ''^ow advisofy body (SIAC) 
d"a,vn -^on-. Qovorrmient and the p^'vate 
S'-jCtor, iO (1 ) coo^dfriatfe the ' pluralistic so- 
ciety' STi actiu^-r^s tn the U S . and (2! 
■0 ai^sess i: noaitn of the ST: erUerprise 
sacr"' vea^ 


Mainiains thai the IJ S can no longer 
afford the lg.<ury Of Creating ne»v mission- 
nrirriiod information sy^itomr fnr each cri= 
sis situat/On It recofTinjends that e^fisting ; 
s , v>tems be tapped and renrqantzf^d i^hen- ' 
ever the need arises to meet any ;ntefdtsCi= i 
pimary fequiremen? \ 


jni! 'v-rn,iiattnq the yvo^ution national 

f,w*^. .nfeqrafftd d*!veiOpm€nt ot scientific 
and lecf^nrcai mfof rr'.a^on services 


Recommends for-matson of two groups 
une an info^m^ation poiscy Doard to coordi- 
nate public and pfuate sec^jr information 
activities, and. the second a tederai techm- ■ 
ca! ifformation comrr;.ttc.-% to coordinate 
government agency infurmat*on activities 
the way CO SAT! did 


O ^0 'ncreas^ t^e turn 0;^ InWr^atiOna 1 Ac'> - 

Sures to guide formula-'on oi U S 
Objectives ^or parTiCipation m ngn^goverr'.' 
menfai as well as governmentai tnterna- 
iiCfH^i soencf infofrnation progfams 4! so 
suDDOft^d are activities desiqned to in- 
crease th# intf^rchange of sc'entifjc and 
technical !nformat>0n between the U S and 

g oihm countries 

1 


OS! S*res5 is ro piace the U S in a position 
of It^eng^H from whsch ;! can gMin trom 
infgrriaiiOridi STi dCi'*''t'SS 

52 


Decries the absence of a policy-making 
body to advise the State Department on 
such matters and confirmi agreements 
Also, speaks of need tor more active poiicy 
that would increase availability of U.S, STI 
to foreign countries. 



2. 



4 



6 



CONFERENCE BOARD— 1971 



■ri rhf^ 



jar?' 
' and ai-^^ 



/ Also 



» to U S iH seeing and 
i S to cooperate m R§D 



programs .v;th omer countries tn ord^r fo 



SATCOM-1969 



B^'CHi/'iU of SaTCOMm prf-QCcupation 
^'t^ fhh; pnvatfc t^ecfor. it rriake^ the point 
fhaf tfi^- ui\mm \m Of tho bunoff! of an 
infofrnation sorvice is its survivai tn the 
'nrffkctpiacf? !t doos, noAOvor, also call for 
:nM fjp,i?ionrT)oni of m^asufo^ of ^^hj) for 



^V''^^ fi;if;dUf fj d::ti LuOf!li^a[f"/d ^ot of STi 
Hj/fv!cr;^, cans Ujf ';,H?kp|tnn nna Ofher 
^h'C^ cnn prQvido the oconnr;!ir 



'^AM;:0^^ rt-corrifnendLilifjns nt},*^r once 
•!' ■ \" phr.isn inforrTiafiOn uei<?r]Cff " 

M ;Af'v?". .; sugges!*vd thai of^dnizations 
und^^nako i-inaiyS€'S of and e*porirncnf5 

I.''' 'f"*j '-/i-..!iufnf ly uf [i'lv ^driOuS Cunipo^ 
'■'oni^ of fh<".? S"^! notwork and otf^Of parts at 
cornfiiunicaliof) conipiow " The noed 
ff.if :nuro rM"^C'arcn ifi (nformatiOn SCifince 
can no ir^^efrod f^orr^ fhiS SATCOM recom- 
'"*"-ndd!iOr5 



on ■ or crt&is'^ i 
'fi^S SATCOM 



not address the 
iSSije. it does dis- 

nq miGrdiSCipii 

.^Iso urqod the 



dSsujn!T!t>n{ of high pnorify io m^fi n-iissiOn- 
(jf if.;ntftd gOvernrneni progranis Iparticylar- 
1/ those deaiing with majOr social prob = 
ierns) and the doveiopn-ien! ot the fequired 
intormat'on S/Stunis 



ReconimnndS g Jomr Co^missiOn on 
^Cieniffic and Technical Comfriunicaiion 
rvsponsiDie TO NAS and NAE :t would be 
ar iftdepenrJent organization under private 
sector COnfroi— to foster cOOrdinatiori of 
STi progfarns and represent thc^ STI mter^ 
fc?sts of ff^e country before poltCy-makfng 
grOuDS in gO'vRfnmeni 



WEINBERG— 1963 



A'isufriGS inforffiation u50 iS essontiai and 
SOOks ^m-fi to incrc^asD uao but does not 
hpVhV. spocificaliy of wjy*5 (D muasuft^ he^ 
nefils 



Affirms the crucal importanco of STI to 
BCifjntflir progress and urges continuing 
coorainat'on and surveillance over the 
rrianagofTsen! of go ve rn men t STI activities 
Insists ofi (he need to improve STI man- 
aQ*?fr!en! Dy ehminaifng poor quality iitera= 
tyre unnecnssary redundancy, and other 
intpodir^ientL^ to more effective ST! ROrviCe 



The pruase 'information science . .n 1963. 
vva^^ jus' corTiing jnto vor^^je It 15 nowhore 
used t>y Wcnberg aiibough many prob = 
lems of information science are addressed 
ffi the report Weif^berg dues not suggest 
that the area be treated as a mn.. emerq- 
inq disciptine, instead he views the mfo^ 
rnation probieni to t)e part of every 
d'SCipl-no 



Caiis for creating ^pec^ait.'ed tf JormatfOn 
ceniefS .n a^nas o* national cor.cnrn or- 
fjer lf> tia,!^ a s^riicr^jre pl^c*^ f(jr rneenng 
emerQifK] naiionai needs 



SATCOM ma^-es recommendations on the 
need for coordination of u S coliaboration 
With t'oreign couritnes it stresses the mnr^ 
active invoUement of the povate sector 
and ufges the U S to assiSt this sector 
(societies, companies, etc ) m sharing u S 
STI abroad 



RecorTirnenas 'highly placed foca' point of 
responsibility" in each agency 10 handle 
STI But also recognizes thai separate 
agency attention wiirnoi be enough Calls 
for goyernment^wide coordination through 
the Federal Council for Science and Tech- 
nology and DSI/NSF Also recommends 
government=w)de cleannghouses and 
Closer rapport with private sector STI sys- 
tems " 



Views STI as a stfong fnsrnjment of mter- 
natfonal understanding and goodwiM 
Urges free and open shanng of Sti world' 
wide Suggests U% regional centers 
abroad to speed transfer of foreign STI to 
U S Does not ernphasize the need for net 
U S gam in foreign STi exchange. 
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REfnARKS 


GREENBERtlER - 1972 


*7 To Pfomoto Uh^' (»^ l>^> y!uof}H0fO(f fVp- 
/ . suits Par! ot DS' S leadership rfjspQn'-iit.iJf. 
fioq 15 betng cafned out by dissomtnatfng 
tr.o reiui!'«> ot supported aci'vitits heip 
^ith this effort, DSi has re leased an an- 

riQuncorneni of projocis awardod in FY 
1974. and is pr^Hjannq a htbliOoraphy of 
reC^^nfiy COfUpielOd reports in addition, 
DSf 15 sponsortng a senos Of symposia on 
protjierns beifig investigatod with DSI sup^ 
port Symposia ar© schedyiod throughout 
the year in Washington or in conjunction 
with other protessionai meetings 


Thif, rfi^ans that R&D funded hy DSI 
should m both A:doly (^mmw^UKi and 


Neither GreGnbofqer nor SATCOM singles 
out DSI, but both do encourage U 5 agon^ 
Citjb to improvo the means by whicfi alt 
rosearch results stemming from govefn^ 
rnent sponsored programs are riiade avaii- 
atiio to the indivtaLial scientist and the STI 
ontefprise as a whole 


Q Foster PubhCBVon in Carnpufer Accos- 
O . ti'biQ fatm Activities include e^perifnents 
• *;i{!i,.tfonfc puhiicafiOf i of ways smaii oub- 

ft^hors can p(Hj! rosnurxes to computerize 

th*)if^ oporalions 


Pursues the development of technological- 
ly advanced publication systems includinq 
electronic publishing. Special mention is 
made of pooling resources among small 
publishers to enable them to obtam a com- 
puter capability. 


Makes no specific reference to electronic 
publishing 


Q To Promow the Biiti^inQ of Factual OaUi 
w . Projocts are supported on ways of captur- 
jng nume-rtcal data m standard form at the 
pO'fit of pwiblication AlfeniiOfi will a!^io bo 
given to data managerTient policies of or^ 
ganizations 


Aims at banking numoncal and factual 
data and making it more available. Sees 
need for inventory of data banks and meth- 
ods for captyrtntj data if < rriachine form ear- 
ly in the process 


fylakes reference to the need for a compre- 
nensive national data base to serve scien- 
tists, engineers, and the general public. 
Does iiot lifuit the data base to technical 
informaiion^implies much broader cover- 
age. 


^ r\ Encourage the Abstracttng and/or in- 
1 \J , deKing of New Information Work inoiudes 
demons^fat'ng ways of fncorporating data- 
descrtoti '6 records into abstracts of scierj- 
fiffc pub'ications. extending abstracting 
and indf xtng covorage to the contents of 
data banks, and eliminating unnecessary 
duplication among abstracting and index- 
ing services in their coverage of primary 
literature 


Underscores need to index and abstract 
STI—and lo eliminate redundant process- 
ing. Implies its interest is limited to comput- 
erized systems only 


Agrees with need for abstracting and \ 
dexing services and acknowledges over- l 
lapping processing, but goes a step further 
to recommend additional "reprocessing", 
"repackaging", and "consolidation'* of in- : 
formation for different user groups. i 


^ ^ To Poster the DevQlopment of Networks 
1 1 , Among Saentific Bnd Tectinfcai Informa- 
tion Servicers E; 'ort'i are dr^signed to en- 
courage the evoiutiori ot a set o* linkages 
that begin With tne deveioprnent of com = 
patibiiity arid resource sharing among ab- 
straeting and indexing services and 
successively incorporate the actrvities of 
publishers, data banks, and other distribu- 
tors into an emerging science information 
network for searching by users 


Envisages an STI network emisfacing sup- 
pliers, distributors, and users of STI. En- 
courages establishment of standards, 
linkages among data bases, and opera- 
tional compatibility. 


Foresees a national information network 
including government and private conipo- 
nents. Stresses the need for standardiza- 
tion to ensure that STI networks will be 
interconnected eventually. 

I 


^ O To Advance User Control m Finding Nmd- 
1 ed information Research includes testing 
the feasibility of ways users can remotely 
search dissimilar retnevai systems and ex- 
tract useful informatfOn. first from biblio- 
graphfc data bases, then from electronic 
equivalents of today's handbooks and ref- 
erence materiafs, and later from the full 
texts of documents. 


Calls for probing new methods of improv- 
ing access to dissimilar files (full text, data 
files, and structured files) by remote termj- 
naf 


No Specific mention of "remote terminal 
access" to files by users, but makes a 
strong case, in general, for more direct 
user involvement in information system de- 
sign and operation. 
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CONFERENCE BOARD-1971 



SATCOR-19&9 



7. 



6. 



n. 



;;o,e;n'"v- f .iJpnc.i-S TO L 
-Ids A -cr ifri cltrd' •^«:;" 



control !vru a.H- 



' HI -iC:' 'vj StHrd.Kfj^, f.-jr 

a^^ci 'Qf building a ' ^o.^ 
'or qOvernfT'ionr 



matron system, including Sll plu^ m 
creased ?*ichnoiqqic.U compafibilily and 
appropfidfe pubiir; and pnvr^tn financial 



No fTionlion of individual scientist per se 
But Onnhfmce^ Bofifd's aim is to advance 
managemeni s access to relevant infor- 
maiion Also speaks of need to improve 
fjenaral public s access fo consumer mfor^ 
matfon for diverge HOQ\a\ pntfymr^^ Caiiq 
for user^feedback rnechamsms 



*-^A"GOM Oncu>.r agt'S fMcijOr putilisnurs to 
>='Or'tifiun a?;|.^;ng nwj^jtn molhoih of cloc- 
*'(rt c photocrinipos'tfor^ Urges sri^aiior 
Duniisners to ntergethei*^ procluctiOf^ activi- 
ties :n OfUOf TO id auvaniayti of rrigderri 
\tK^^r)(r.o(]f 'v'^i nchieve cconorrues of 



i,'M)t-s ^^(jf'nrie^i «v hich oriqinat^^ ST; to .:ic= 
f>-(j[ rfiSponti;r)iiity for '(imd compilation". 
hutnifiH^:5 dirfiCt ro'^erence It anatiDnal 
(km tiank E^TipnaHires the b^nofiis of 
cornrnon fnr-iatn in capiunfig mnchino- 
fpadab!*- /: \ : 



Put?, lorvvarrj .1 vOry sfronq r^comnnen- 
(laiion fOr promoiir cj absf^acting and mdeK- 
sorvicOs for go* tjfTiment^generatfKi 
PiRD. and for prow icfinQ federal support to 
societiGH arid pnva tu for^profjt agencies for 
Hh^.traCtinrj. i? iflo^MiQ ar'id foproces^mg 
STI 



GiVfiS lop priority to lliD imtiatjon of experi^ 
rriuiils on the functioning of different parts 
of the STi '^corTirnLJnicaion n0twork'\ but 
views all fofrris Of corrirnumcation as part 
o\ ffie "riotwork" (tj g , publications, cor> 
ferencos, telGpfiorias, t^rrTiinais. etc.) 



UEINBER5-1953 



Wants a sirigle "fila-fornnat ianguago" for 
mactiino and fiurnsn access to dissimilar 
fj|es Urges NSF to cooperate with ARPA 
in this area 



t ^ c 0 u ra q OS b i b I log ' a pf liC arid ret ere nee 
pubiicatiorib io rnachffte^foadfit)!© form and 
prnphnsizes machine roffrevai ot such in- 
formation 



Draws the d'St^ric^ion t)PTw??f?n sci*)n!if!C 
data and bibliographic data and calls for 
'jpeciatized rriformatior-i ceniers to coiiect 
and organr^e ail data in thfiir assigned 
fieidn. 



EndorsO'n the preparation of tndeyos and 
fil3Stract5 in government and private Sbc- 
lOr Urges expertrnentation '-vith new tech- 
niques like Citation indexing and sees 
government subsidy of these services as 
essonfial. 



Supports introduction of new technology 
and systems for communicating informa^ 
tion Sees effective iwtiching and hierarcfi- 
ical organization Of STi units as essential 
and views increased allocation of re- 
sources as mevitable to preserve a viable 
scientific and technical apparatus for tfie 
country. The network concfjpt is clearly 
described in the report although the phrase 
"STf network*' itself does no! appear. 



Acknowledges the Koy role of the user and 
underscores hiS neod to access different 
types of matorial whether using mech- 
anized or manual systems. Sees one prin- 
cipal problam of system design as that of 
providing enough iriformp^tiori to the user 
but not too much, 
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13 



15 



16, 



DSI 0B3ECTIUES - 1974 



14. 



'n?0':-S' or-, arj D'(-c»>gd to tne ar.alySiS 
ifitfjfpfe'ation Acting and comrnunicaiion 
functions uSinq ine same equipmoni. ^'i 
augmon:^:wi po/i^erfuf and tiytihi^ corr)^ 
pufer caDadi!it?es De^yOioomem of such 
QpantHr"€^S ^t?Guires research based on 
(ho cor^D;^eQ effons of information sciGn- 
fi^ils. nv-'^Dfjtor graphic specialists, andon^ 



StVi'^Cfi^ this \s DPifiq i^CcorTh 
ounfi (jOvr-iOp'^nt/nt of tfcV'^ir q 

maiertais ana currcjia sutftibJe for us*j 
Mlhtn science, matheniahcs. ana c-ngt- 
ne^nng courses 



h.vfhnq o' 
wifh tho Df^ 



O'-Jhe Jar Cducamn jnd 



Infornut-on S^r^icv^ Wtthin iaige Otqani 
t'dtiOns TvvQ soQut^ntia! activifiQs are Sup- 
ported first analyses for present policies 
iind pfact:C^•o, U second, dov&igpnsfen: 
£-ind.isnr?s^-.rT.r»nt of owpefirrtental venations 
in rnaniKjorr^en? t)f sCiOnlific and technical 
ifi!of('ialfOf'5 witf'iin ia'"go oryaf''^ations 



1 7. 



/Vt>v7de G(j'<if3linm for E'jhihh'ihmg 
V<fofh Condfrions that Enhance the Usf^ful 
ApplmiiQn of Information Plans call tor 
ana!/se§) of presf^nt arrangenients and 
fsdffiulation i..J csfperirrifintal variAtion m [ho 
ways inforn^rition is rnada availiibio within 
Ihfi mfkioq envifonrnents of ^cic'ntists and 
OfiginofifS 



REriAfiKS 



Vi' i'-f. ■■ . f)'itq-;(' •■:n-»V !' L^Ot^" Can uvr- 



Pronn^^n^ t^o jitvvfjioprrieni of Iraimng 
rTtaronaif^ or, S U to bo ^ncOrporalDd inio 
^ciunc*^and mQ'Uf^ijf }>]q school cufncuia 



Aimsto.^ard tho devyiopmerii of cocpera^ 
tr.n on-^thf?-)Oh trairiing programs with in- 
d ! J s r r y and p r o f e s s i o n a I o r g a n ? ? a t j o n s 
u%:nq I'no noAOr media 



jOn>f*i fiip<;Cific guiCJeiir^if)S !o hpip ninnaq- 
ors of R^D organi/ations to increase ST! 
ufiii/ation by their staffs Special attontion 
iB Jocu^vti on differf^ncns m approach to 
S ti by sniHli and laryu organizations 



Dfrectrp attontion to tho nmfh of thn in- 
dividual scientist at tfi© bonc/i arid seeks 
^ays in ovO'^r-^'-'uno obstacles which inhibit 
his access an ■ uf*arjaof STI 



GREENBEROER-1972 



Spoaks lit ifnpru^'nrj ■ idividuH- eftocnvO- 
mfS" n usinq curripgti?'«i. hut doesn't 
mentmn pedon'ticig nnj t;p'i; functions on a 
Singl*? terrrnnai 



Doesn't address the need for educating 
Studenis in STI, but speaks frequonily of 
rnaking potential users aware of services 



Implies Iho need for orvthe-job STI irain'rig 
in nurTierouS ways, but duusn't use the 
phrase "on4hp-;0h" 



Iniplicrt in bo^fi reports rs the aSBumption 
Ihaf anyway that can be found to enhance 
user offuctiveness is desirable However, 
neifher report tarr^ets the research man^ 
agor lor spociai training m his adnninistra- 
tivo responsibility for mcfeasing staff 
access !o STI 



Warits a coortiinatDd program for increas- 
ing ^'technojogy transfer^' among re- 
searchers. practitfOners, tecf^niCian&, an<j 
th© general publiC: Pfomotos the romoval 
of obstacles to STI use 
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1 CONFERENCE BOARD-1971 
i 

i 
i 


f 

1 

j SATC0f*l-1959 

r^';C(juraqos continijed 0' pOJ^'n^cntaifOn in 
(Nt) (i^-'vqn rir^rj ,,f,n of ot*oc!ive combina- 
liOM', rjf f'nacfHr^j find t5ufTian tunciions born 
in '^ff.Minq and fOTrte^inq !rforr7ia!iOn 


UEINB£RG*1963 

Rf?pOrI prR-datPS tnird genorat'on On-hne 
tPffT*.ns! access to computer data but 
rHj^trnt^eiess en cuu rages computer-aided 
lisario of information 




nofony '0 !}i?*M^f)p and maintain the 
p 0 f n s si 0 n ';i f Ti a f Id n* ' f ii I fa i r * n t s . a nr J < 1 1 s 


Rf^conirr^endf, the traininQ of all students 
and facuHy tn the use of rnodern library and 
! r: f o r r n ; 1 1 ; on r v i C e & 


Strongly Suggosis th© introduction of 
coursos, programs, and other professional 
training to trriprove tfio scientist's and engi- 
neor 's awareness of and skills in using new 
iriforniation haridling techniques and scien- 
tific communication. 


Or;^the^)Ob '^'i'f'i.nq lor an kirsd? of hnforrna^ 
tion ij^aqeis =niPi;Ci!:n Confer<?nco Bo^ifd s 
ropofi ^^:FGh rKf-'i»^n!s on - and off-canipys 
thI;iC.i!:rjf = a'-. ^'Hn of \ mrijor propo^^.inons 

1 


tmplius thf? need for on-the-jOb STi training 
■n niirr,nrnij?] AHys. but doesn't usti the 
phfrjSO " Ofi-lfiO-jOti 


Innpltos the need for on-lhe-iob training 
within the context of having the entire tech- 
nical cornmunity beconne more *'informa- 
lion nnindad'* and oriGnted toward the use 
of STI in their work 


'-.:.ippOf fiM'j ini()f rtiafinf? 'iO^viCf'S <ind tn tjtiN 
i^juj if'-Of matfon ?,v«3'Of7is '0 :ncf()as^? staff 
pfOd:irj!v!ty rina COmnetQtivenoss in Jt^o 
mar^efplaco 


linpiiGil in iho report iS the asburnption that 
any way that can be found to enhance user 
effoctivenusfi is desirablfi The report tar- 
guts the resoarch rnanager for special 
training in his adrriinistrali\/e responsibility 
for increasing staff access to STI 


SptjaKb of QQwernrnent agency managers 
and ofganizaiions in the private sector hav - 
ing the need to change their "attitude*" and 
devote more resources to inforrnation. 


1 

Calls for organizations to estabhsh groups 
to a3suss (fTJpiiGfiiions of inforniation iych= 
noloqy on Ih© organizaliOn and rnoasuro 
effoctiveness of mformation uso Urges na- 
honai center with mm function Speaks of 
nncouragincj information une by all groups 
—manaqofS, consumefs. pfofosstonals, 


Points out the value of staff exchanges, 
conforencus, sabbatjcals. institutos, and 
other vvays of irmpfovinq STI commuriica- 
fion and use by empjoyees 


Generally supports this same objectiv©. 
Suggests the usar be involved in STi sys- 
toms; that ho recolvG data as v\/ell as docu= 
ments; and, maintains h© will be more pro- 
ductive througfi greater use of STI sys- 
terns. 
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APPENDIX B 



SIX OBJECTIVES FROM THE WEINBERG, 
SATCOM GREENBERGER, AND CONFERENCE 
BOARD REPORTS NOT INCLUDED IN THE 17 DSl 
OBJECTIVES 

1. Improve the Literature ofSTI 

Authors of articles on science information should be en- 
couraged to improve their writing style. The field, in gen- 
eral, needs better abstracta, better reviews, and a better 
refereeing system. 

2. Embrace R&D for all of the Newer Technologies 

DSI objectives stress computers but communications, fac- 
simile transmission, and micrographics are three other 
technologies that dtierve equal atteiition. 

3. Increase Public Understanding ofSTI 

It is not enough to improve the education and on-the-job 
training of scientists and engineers so that they know how 
to use STI systems and wrvices; there is a concomniitant 
requirement to also inform the more general class of poten- 
tial users who can benefit from applying STI to problem- 
oriented situations. A criticism of STI systems is that they 
serve an elite class of users, {n.b. DSI has no specific re- 
search objectives in this area because the National Science 
foundation supports numerous other programs to improve 
the public's understanding of science.) 

4. Research the Co^right Problem 

This is ricognized both as a major inhibitor of propess in 
networking and aa the cause of diminishing sales among 
primary publishers, (n.b. In June 1976, DSI/NSF md the 
National Co. nission on Libraries and Information Science 
co-sponsored a major research study to obtain stetistical 
data on the type and volume of material copied by libranes; 
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and, to inveHtigate new electronic methods for collecting 
royalties. ) 

5. Establish National Services for STI 

Weinberg in particular favors establishing a family of spe- 
cialised information centers and national clearinghouses as 
an in-place infrastructure for STL DSI objectives imply no 
federal responsibility for creating or developing a planned 
infrastructure. 

6. Improve the Quality and Reliability of Factual Data 

Science and technolo^ demand that critical data compiled 
for the individual scientist's use be highly rc^liable; no niech^ 
aniim-, such as exists for referaeing journal articles, is in 
place to ensure and guarantee high quality at the time data 
is entered into an STI system, (n.b. DSI relies on the stan- 
dard reference data program of the National Bureau of 
Standards to fulfill this function,) 



STATUTES AiVD EXECUTIVE ORDERS AFFECTING 
THE RESPONSIBILITIES OF NSF FOR SCIENTIFIC 
AND TECHNICAL INFOilMATION: 

—National Science Foundation Act of 1950, Public Law 

607, 81st Congress, 2nd Session. 
—National Defense Education Act of 1958, Title IX^ 

Public Law 8S864, 85th Congress; September 2, 1958 

(H.R.13247). 

— ^Executi ve Order 10807, "Federal Council for Science 
and Technology,'' March 17, 1969; which also amend* 
ed Executive Order 10521, '^Administration of Scien- 
tific Research by Agencies of the Federal 
Government,'' March 19, 1954, 

—Presidential Letter to Director, National Science 
Foundation (Dr. Waterman), dated January 22, 1959. 

—Agricultural Trade Development and Assistance Act 
of 1954, Public Law 83480 as amended by the Mutual 
Security Act of 1958, Public Law 85477 (approved 
June 30\ 1958) and as interpreted by Executive Order 
10900, ''Administration of the Agricultural Trade De- 
velopment and Assistance Act of 1964, as Amended," 
January 6, 1961. 

Public Law 607 and Title IX of the National Defense 
Education Act of 1968 are the principal pieces of legisla» 
tion affecting the responsibilities of the Office of Science 
Information Service. 

From Public Law 507: 

"Functions of the Foundation 

"Sec. 3(a) The Foundation is authorized and directed 

"(5) to foster the interchange of scientific information 
among scientists in the United States and fo**eign coun* 
tries; . . . 

"General Authority of Foundation 
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"Ht'c. 11. Tht' Foiindulion shall have the authority 
within thy limitH of available appropriation, to do a 1 
things necessary to carrv out the provisions ot this Act, 
including, but without being limited thereto, the au- 
thoriiv— ... 

"(G! to publish or arrange for the publication of scienj 
tific and technical information so as to further the tull 
dissemination of information of scientific value consis- 
tent with the national interest, . . /' 
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